Background-Epidermal growth factor -(EGF) exerts trophic effects on the mucosa of damaged and defunctioned colon, but the effects on the normal large bowel wall are not known. Aims-To investigate the effect of systemic EGF treatment on growth and morphology of normal rat colon. Methods-Rats were treated with subcutaneous biosynthetic EGF injections of 150 pug/kg/day for 28 days. The weight of the histological colonic wall layers and the luminal surface area were measured using quantitative morphometric analysis (stereology). The colon was subdivided into proximal and distal parts. Results-EGF treatment increased the total colon wet weight by 23% compared with controls (p<0.005). The weight increase occurred in the mucosal (33%) and the submucosal layers of the bowel wall (36%) and there was a 69% increase of
weight (p<0.005) accompanied by a 79% increase in the mucosal surface area compared with controls (p<0.005), whereas submucosal and muscularis propria weights were identical. In distal colon, the mucosal weight increased 28% in the EGF group (p<0.005), the mucosal surface area increased by 72% after treatment (p<O.Ol). Furthermore there was a 34% increase in the weight of submucosa (p<0.001) in the distal colon among EGF rats. Conclusions-Treatment ofrats with EGF has a stimulating role on the mucosa and luminal surface area of the entire functioning colon and a trophic effect on the submucosa of the distal colon. (Gut 1996; 38: 582-586) Keywords : epidermal growth factor, rat, colon growth, stereology.
Epidermal growth factor (EGF) is a polypeptide chain consisting of 53 amino acids that belongs to an expanding group of growth factor ligands.' The EGF family and their related receptors are widely distributed in mammalian species and they play an important part in the growth and differentiation of normal, regenerative, and neoplastic tissues.2 EGF is a powerful mitogen and trophic agent in many tissues including the gastrointestinal tract. The EGF effects are believed to be mediated through stimulation of the polyamine synthesis, as EGF upregulates omithine decarboxylase activity in the epithelial cells. 2 3 Human recombinant EGF is now available and treatment potentials have been investigated in various organ systems.2 In experimental studies, systemic treatment with EGF has been shown to attenuate ulceration or other types of experimental damage to the gastrointestinal tract and to accelerate the healing of such lesions.3-5 In the colon, EGF has a protective effect on the mucosa after trinitrobenzenesulphonic acid (TNB) induced colitis in rats6 7 A specific density of all layers of 1-0 g/cm3 was assumed. The WW constitutes the reference volume (weight). The sum of VF in each animal from proximal and distal segments were multiplied by the total colon weight to determine the weight of the wall layers in the entire colon. This procedure was repeated at a higher magnification (X 620) on the mucosal layer to differentiate it into weight of epithelium, lamina propria, and muscularis mucosae.15
The mucosal surface area was estimated using a frame with a test line system of cycloids and test points (line length per point lp= 14.5 cm). Intersections between cycloids and the borderline between the colonocytes of the epithelium and the lamina propria (I) were counted in 24 fields of vision chosen evenly between the four sections from each segment (Fig 1) . Test points hitting the mucosal layer were also counted (P) and included in the mucosal surface area calculation19:
surface area: I/nPX2/llpXVref
The mucosal weight was calculated previously and constituted the reference volume (weight) Quantification of the mucosa (Fig 4) showed a 64% increase in the epithelium layer (p<0005) and a 64% increase in the weight of lamina propria (p<0 005). The muscularis mucosae layer is very thin in the proximal part of the rat colon, and we found no difference in the weight of this delicate layer between groups. control rats p<0 005). The stereological analysis showed that the colonic growth after EGF treatment was caused by a 33%/o increase in mucosal weight (p<0995) and a 36% increase in the submucosal weight (p=O0 1). The luminal surface area was increased by 69% (p=0.OOl) in colon from EGF rats compared with controls (Table) .
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Proximal colon Colon segments proximal to the major flexure were increased 35% in wet weight compared with controls (p<0.0l) ( Table) . Analysis showed that the weight increase was caused by growth exclusively in the mucosal layer, where the median weight was 68% higher among EGF treated rats (p<0005) than in controls (Fig 2) . This was accompanied by a 79% increase (p<0 005) in luminal surface area (Fig 3) . The weight of submucosa and muscularis propria were similar in the two treatment groups in proximal colon (Fig 2) .
Distal colon
The median wet weight of distal colon segments was increased by 28% in EGF rats compared with controls (p<0 05) (Table) . In these segments the EGF induced mucosal growth was 28% compared with mucosa in controls (p<0005) (Fig 2) , and seemed less prominent than in proximal colon. The mucosal surface area was increased by 72% (p<0.01) compared with controls (Fig 3) . In the distal colon we found a substantial 34% increase in the weight of submucosa among EGF treated rats (p<000 1), while the weight of muscularis propria, as in proximal segments, were equal in the two groups. In the mucosa we found a significant 50% increase in the weight of epithelium among EGF rats (p<0 005) and a 51% increase of muscularis mucosae, where the difference just reached the level of significance (p=0.049). There was a non-significant 20% increase in the lamina propria weight (p=0064) compared with controls (Fig 4) .
For each animal, the weight of proximal mucosa was compared with the weight of distal mucosa to obtain a proximal/distal mucosal ratio in the two treatment groups. This ratio was calculated to further examine the EGF effect on the colonic mucosa and to verify statistically, if there is a diverse response in mucosa of proximal and distal colon to EGF treatment. Figure 5 shows the results and the proximal/distal mucosal ratio tended to be increased in the EGF group (p=0 07). A previous study on total parenteral fed rats have suggested a stimulatory effect of EGF on the colonic surface area, although these data were obtained only from selected and well orientated colon crypts.13 In our study we quantified the colonic luminal surface area in an unbiased manner and our data showed a profound surface area increase among EGF treated rats. The surface area increase seemed of equal proportions in proximal and distal colon despite a stronger effect on total mucosal weight in proximal colon segments. This might be explained by the significant effect on epithelial growth in both parts of the colon. Theoretically, the surface area growth can be caused by changes in crypt number or crypt height and diameter, but our data do not confirm this.
Discussion
In addition to the effects on the mucosa, EGF treatment significantly increased the weight of the colonic submucosal layer. This is in agreement with studies that have shown biological effects of EGF on non-epithelial cells. Specific EGF receptors are found on human fibroblasts,24 and EGF treatment increases DNA synthesis and cell division in granulation tissue fibroblasts in rats. 25 26 Kingsnorth et al have shown an increase in tensile strength of intestinal anastomoses in pigs under systemic EGF treatment,8 and anastomotic strength is derived mainly from collagen fibres of the submucosa. Accordingly this finding supports the idea of a growth stimulating role of EGF in the submucosal layer of intact colon. Furthermore, EGF receptors have been shown on smooth gastrointestinal muscle cells and animal studies have proposed a role for EGF in gastrointestinal muscle contractility.27 In our study, nevertheless, there were no increases in the external circular or longitudinal muscular layers of the colon.
The data regarding submucosal growth strongly show that there is a differential response in proximal and distal colon to EGF. While there was a pronounced difference and a low p value in distal colon with a small probability of a type I error, the EGF and placebo groups were identical in proximal colon. EGF induced stimulation of submucosal weight could result from a direct mitogen action on the fibroblasts and an increased synthesis of collagen fibres. The connective tissue of the submucosal layer also contains most of the colonic vessels, however, and submucosal growth might reflect an increase in oxygen and nutritional demands of the hypertrophic mucosa. Furthermore, EGF has been shown to possess a definite angiogenic potency and to increase granulation tissue blood flow.28 29 We used stereological methods to obtain precise, quantitative information about the transmural trophic effects of EGF. Although the stereological analyses were based on find-,) E 300 ings on a limited number of colon sections, these methods do not require any assumptions regarding tissue shape or size."5 19 At the practical level during sampling and processing, however, certain simple rules were followed to assure that the information was unbiased. Sampling was done at random along the entire colon length with an equal chance for every portion of the intestine to be sampled. Equally important was the random rotation of specimens in the horizontal plane before sectioning. To account for possible variation in composition or surface area along the length of proximal and distal segments we took four or five samples from each. The variability in volume fraction and surface area estimations between these samples turned out to be small (data not shown) and we could have obtained reliable results using fewer samples. A high counting efficacy in stereological methodology gives a low variability after spending a moderate amount of time and is important in reducing the labour in studies larger than ours.19
In conclusion, the reported data show that longterm EGF treatment has a trophic effect on the normal rat colon and stimulates growth in both the mucosal and the submucosal layers. Increase in mucosal weight and luminal surface area occurs along the entire large bowel. Mucosal growth seems most eminent in proximal colon, whereas the submucosal growth is restricted to the distal colon.
